OBJECTIVE-To assess the association between number of embryos transferred and a measure of assisted reproductive technology success that emphasizes good perinatal outcome.
Since the birth of the first neonate conceived with in vitro fertilization (IVF) in 1978, IVF has allowed millions of patients worldwide to overcome infertility. However, the IVF success story has been accompanied by a significant increase in multiple births as a result of transfer of multiple embryos. 1 In the United States, almost half (47%) of IVF neonates are born in multiple gestations, 2 which carry increased risks for both mother (gestational hypertension, preeclampsia, gestational diabetes, cesarean delivery, and maternal hospital admission) and neonate (low birth weight, prematurity, neonatal intensive care unit admission, disability, birth defects, and increased morbidity and mortality). [3] [4] [5] [6] Although it is widely recognized that single embryo transfer is the best way to avoid multiple birth, several barriers prevent its widespread implementation in the United States. 7 Patients and clinicians may be unwilling to accept or offer single embryo transfer as a result of the expected lower likelihood of pregnancy or live birth rates, which are traditional measures of IVF success. Shifting the focus from pregnancy and live birth to optimal IVF outcome-healthy singleton birth 7 requires adaptation of a new measure of success that accounts for perinatal risks. 8 Our objective was to assess the association between number of embryos transferred and a measure of IVF success that emphasizes good perinatal outcome while accounting for both effectiveness (live birth rates) and risks (multiple birth, prematurity, and low birth weight) to inform development of guidelines on the number of embryos to transfer and provide information that can be used during patient counseling.
PATIENTS AND METHODS
Data were obtained from the National Assisted Reproductive Technology Surveillance System maintained by the Division of Reproductive Health, Centers for Disease Control and Prevention (CDC). Fertility clinics in the United States are required to report data on each assisted reproductive technology (ART) cycle to the CDC by the Fertility Clinic Success Rates and Certification Act (Public Law No. 102-493, October 24, 1992) . The National ART Surveillance System covers estimated 97% of all cycles performed in the United States. 9 Data abstracted from medical records include patients' demographics, obstetric history, detailed information on the cycle, and information on cycle outcome. The latter is obtained by active follow-up by the fertility clinic and includes information about whether the cycle resulted in pregnancy, pregnancy outcome, and information about each resultant neonate (gestational age, birth weight, and sex). The data from each clinic are validated by the clinics' medical director before submission. In addition, approximately 7-10% of reporting clinics are randomly selected each year for validation by the CDC, during which data reported by the clinics are compared with information recorded in medical records and discrepancy rates are calculated. 10 In 2011, 451 clinics reported more than 151,000 ART cycles. Cycles initiated in 2011 in the United States that progressed to the embryo transfer stage among patients using fresh embryos from autologous oocytes and reported to the National ART Surveillance System (n=82,508) were used in this retrospective populationbased study.
For the purposes of data collection and the current analyses, ART is defined as a procedure in which oocytes and sperm are handled outside the patient's body such as IVF. 9 In vitro fertilization involves retrieval of a woman's eggs, fertilizing the eggs in the laboratory, and then transferring the resulting embryo(s) into the woman's uterus through the cervix. Fresh autologous cycles are cycles in which newly fertilized (fresh) embryos derived from patient's own oocytes are used. Good perinatal outcome was defined as a live birth of a term (at or after 37 weeks of gestation), normal birth weight (2,500 g or greater) singleton. Gestational age was calculated by subtracting the date of oocyte retrieval from the date of birth and adding 14 days to adjust for theoretical last menstrual period. Intracytoplasmic sperm injection is a procedure in which a single sperm is injected into the oocyte. Embryo stage at transfer was calculated by subtracting the oocyte retrieval date from the embryo transfer date. Typically, embryos transferred on day 3 correspond to the cleavage stage of development, whereas embryos transferred on day 5 correspond to the blastocyst stage. Patients with a favorable prognosis were defined as those who underwent their first IVF cycle and had extra embryo(s) cryopreserved. Patients with a less favorable prognosis were defined as those who had previous IVF cycle(s), no previous live births, and no extra embryos cryopreserved. The remaining patients who could not be classified in either favorable prognosis or less favorable prognosis group were classified as patients with an average prognosis and included those who 1) underwent their first IVF cycle and had no extra embryo cryopreserved; 2) had previous IVF cycle(s) and no previous live birth(s) but had extra embryo(s) cryopreserved; or 3) had previous IVF cycle(s) and previous live birth(s) (the last subgroup was classified as average prognosis because we were not able to determine whether previous live birth(s) resulted from IVF or natural conception). Elective single embryo transfer is the transfer of a single embryo when at least one additional embryo was cryopreserved.
All statistical analyses were performed using SAS 9.2 statistical software. We first calculated percentage distribution of selected patient and treatment factors for all ART cycles among patients who used fresh embryos from autologous oocytes by age group. We then calculated percentage of transfers resulting in good perinatal outcome by number of embryos transferred stratified by patient prognosis, age, and embryo stage at transfer. As a result of the small number of cycles in some subgroups, we limited our analysis to women aged 40 years or younger for patients with a favorable prognosis and to women aged 42 years or younger for patients with an average and less favorable prognosis. Because more than one ART transfer can be reported for one patient during the reporting year, we limited analyses to the first embryo transfer that satisfied criteria for each prognosis group. The selection of stratification variables and groups was based on their ability to independently predict good perinatal outcome and is similar to factors used in the American Society for Reproductive Medicine and Society for Assisted Reproductive Technology Guidelines on the number of embryos to transfer. 11 In supplemental analysis, we calculated percentage of transfers resulting in good perinatal outcome redefined as a singleton or twin term live birth with normal birth weight neonates (redefined good perinatal outcome).
Differences in the percentages of transfers resulting in good perinatal outcome by number of embryos transferred were evaluated using Fisher's exact test with Bonferroni correction for multiple comparisons. In each group of patient prognosis, patient age, and embryo stage, we compared percentages of transfers resulting in good perinatal outcome for two adjacent numbers of embryos transferred (ie, one compared with two embryos transferred, two compared with three embryos transferred).
The study was approved by the CDC's institutional review board.
RESULTS
Overall, 82,508 ART cycles that progressed to embryo transfer stage were performed in the United States in 2011 among patients who used fresh embryos derived from autologous oocytes. Almost half (44.2%) of cycles were performed among women aged younger than 35 years (Table 1 ). Patient and treatment characteristics varied by women's age. The proportion of cycles among patients who had ART in the past ranged from 34.0% among women aged younger than 35 years to 58.7% among women aged older than 40 years. The proportion of cycles performed among women with previous births ranged from 21 .7% in the youngest age group to 36.5% in the oldest. Cycles with intracytoplasmic sperm injection ranged from 76.2% among women aged younger than 35 years to 73.1% among women older than 40 years of age. Embryos were transferred at the blastocyst stage (day 5) in more than half (51.0%) of ART procedures among women aged younger than 35 years and only in 19.1% of procedures among women older than 40 years of age. In the majority of cycles, more than one embryo was transferred. A single embryo (which could be the only embryo available) was transferred in 18.3%, 15.6%, 13.4%, and 16.8% of cycles among patients aged younger than 35, 35-37, 38-40, and older than 40 years, respectively. Availability of extra embryos for cryopreservation ranged from 52.5% of cycles in the youngest group to 10.4% of cycles in the oldest group.
Among patients with a favorable prognosis who were younger than 35 years, single (compared with double) embryo transfer was associated with a higher chance of good perinatal outcome regardless of embryo stage at transfer (Fig. 1) . In addition, single (compared with double) embryo transfer was associated with a higher chance of good perinatal outcome in patients with a favorable prognosis who were 35-37 years of age if blastocyst stage embryos were available. In other subgroups of patients with a favorable prognosis, the differences in percentages of good perinatal outcome by number of embryos transferred were not statistically significant.
Among patients with an average prognosis who were aged younger than 35 years with available blastocysts, a higher percentage of good perinatal outcome was associated with single (compared with double) blastocyst transfer (Fig. 2) . When cleavage stage embryos were available in the average prognosis group, transferring two embryos (compared with one) was associated with a higher chance of good perinatal outcome among patients aged younger than 35 years, 35-37 years, and 38-40 years.
Among patients with a less favorable prognosis, most differences in percentages of good perinatal outcome by number of embryos transferred were not statistically significant (Fig.  3) . Among patients with a less favorable prognosis who were aged younger than 35 years with cleavage stage embryos, a higher chance of good perinatal outcome was associated with transferring two embryos (compared with one).
When "good perinatal outcome" was redefined as a singleton or twin term live birth with normal birth weight neonates, the percentages of "redefined good perinatal outcome" were 0-5% points higher, but comparisons by number of embryos transferred showed similar results. When blastocyst stage embryos were available, the chance of "redefined good perinatal outcome" was higher with transferring a single (compared with double) embryo among patients with a favorable prognosis who were younger than 35 years (44% compared with 33%) or 35-37 years (39% compared with 33%) and among patients with an average prognosis who were younger than 35 years (36% compared with 32%). When cleavage stage embryos were available among patients with a favorable prognosis who were younger than 35 years, the chance of "redefined good perinatal outcome" with transferring two embryos (33%) was not significantly different from that with one embryo (36%) but was significantly higher than that with three embryos (25%). A higher chance of a "redefined good perinatal outcome" was associated with transferring two (compared with one) day 3 embryos among patients with an average prognosis who were younger than 35 years (28% compared with 20%), 35-37 years (26% compared with 16%), or 38-40 years (17% compared with 8%) and among patients with a less favorable prognosis who were younger than 35 years (22% compared with 11%).
DISCUSSION
Our study describes the association between number of embryos transferred and good perinatal outcome by age, embryo stage, and prognosis. According to this analysis of population-based surveillance data, a higher chance of a good perinatal outcome in patients with a favorable prognosis who were aged younger than 35 years is associated with single embryo transfer. This measure of IVF success, which emphasizes good perinatal outcome, balances success and risks of the procedure and provides a better summary measure than traditional measures -pregnancy and live birth rates-that focus solely on effectiveness. We deliberately chose transfer instead of cycle as a denominator in the current analysis to allow for stratification by embryo stage at transfer and number of embryos transferred. However, presenting percentage of cycles resulting in good perinatal outcome, as proposed in Birth Emphasizing a Successful Singleton at Term, 8 is an appropriate measure of IVF success that takes into account the burden of treatment for all initiated cycles, including those cancelled before embryo transfer. Other proposed measures of success that reflect perinatal risk of the procedure are also useful but have some limitations: percentage of cycles or transfers resulting in singleton live births 12, 13 does not take into account the risk of low birth weight among IVF singletons 5 and percentage of cycles resulting in the delivery of term neonates (singleton or twins) 14 does not take into account the risk of term twin births. 15 Nevertheless, it is likely that the use of any measure of IVF success that takes into account perinatal risks of the procedure will demonstrate that transferring a single embryo in the patients with a most favorable prognosis will result in the best perinatal outcome.
Using percentage of transfers resulting in good perinatal outcome when making decisions about the number of embryos to transfer may result in fewer neonates born preterm or with low birth weight. In patients with a favorable prognosis who were younger than 35 years, transferring a single embryo results in the higher chance of the good perinatal outcomes and may result in substantial savings in health care costs. Using 2011 National ART Surveillance System data, single embryo transfer in all patients with a favorable prognosis who are 35 years could result in 77.7% reduction of neonates born preterm in that group: from 37.2% (3, 698) neonates who were born preterm after 2011 ART cycles to 12.2% (823) neonates who would have been born preterm if a single embryo was transferred. Assuming previously published estimate of societal economic burden of $61,718 (2013 U.S. dollars) per preterm neonate, 16, 17 universal single blastocyst transfer only in patients with a favorable prognosis who are younger than 35 years will result in saving of $177,439,250 (2013 U.S. dollars) annually. Although this strategy is projected to decrease live birth rates by 10.4% from observed 55.0% (7,453 births) to estimated 49.3% (6,676 births) based on 2011 National ART Surveillance System data, a high chance of pregnancy can be achieved in a subsequent cycle using a cryopreserved embryo 18 at a cost of approximately $3,517 (2013 U.S. dollars) per frozen or thawed cycle 17, 19 or $2,732,709 (2013 U.S. dollars). One large multicenter trial comparing effectiveness of elective single embryo transfer (with subsequent transfer of a single thawed embryo if the first cycle was unsuccessful) with double embryo transfer among patients with a good prognosis showed that cumulative live birth rates were not significantly different among the two groups. 20 In the United States, the American Society for Reproductive Medicine and Society for Assisted Reproductive Technology Practice Guidelines play a major role in reducing the number of multiple births by specifying maximum number of embryos to transfer after IVF. 21 These guidelines, first published in 1998, have repeatedly lowered the maximum number of embryos recommended for transfer, which led to the substantial reduction of multiple births, especially higher-order multiple births. 7, 22 Our findings can inform the development of future guidelines by providing a measure of success that accounts for both effectiveness and safety by focusing on the stated goal of the treatment-a healthy singleton neonate. 7 Our results show that moving closer to that goal requires lowering the number of embryos transferred, especially among patients with a favorable prognosis. However, experience from countries that were successful in reducing IVF-related multiple births suggest that strict limits on the number of embryos to transfer need to be accompanied by mandated insurance coverage of ART. [23] [24] [25] Several limitations common to observational study designs apply to our population-based analysis. Individual circumstances that guided the decisions on the number of embryos to transfer such as embryo quality considerations were unknown. Although the results were stratified by the most important patient and treatment characteristics that were available, it is possible that residual confounders remained. Although we lacked the data on embryo quality -the most likely unmeasured confounder-we used cryopreservation of supernumerary embryos, which has been shown to be a good predictor of embryo quality despite variable cryopreservation practices. 26, 27 Because we used U.S. National ART Surveillance System data for the current analysis, study results can only be generalized to cycles performed in the United States.
The United States has one of the highest rates of preterm births in the world with an annual societal economic burden of at least $26.2 billion. 16, 28 Although it is difficult to address an array of socioeconomic, biological, and environmental contributors of preterm births, prevention of IVF-related preterm births can be achieved by limiting the number of embryos transferred in the appropriate group of patients. American Society for Reproductive Medicine and Society for Assisted Reproductive Technology Guidelines on the number of embryos transferred and numerous publications on the topic 7, 11, 29 have helped to significantly reduce higher-order multiple births in the United States. It is now time to focus on reducing the rate of twin births, which continues to grow in part as a result of the frequent transfer of two embryos to patients with a good prognosis. 7, 30 The percentage of embryo transfers resulting in good perinatal outcome is the measure of IVF success that balances its effectiveness and risks and should be considered in developing future guidelines and in counseling patients on the number of embryos to transfer as well as in clinic-specific outcome reporting. Patients with a favorable prognosis*: percentage of transfers resulting in good perinatal outcome † among patients who used fresh embryos from autologous oocytes for A. blastocyst stage (day 5) and B. cleavage stage (day 3) embryos by patient's age and number of embryos transferred, United States, 2011. *Patients with a favorable prognosis include those who underwent a first assisted reproductive technology cycle and had extra embryo(s) cryopreserved; transfers among patients older than 40 years and transfers that involved higher number of embryos are not shown as a result of the small numbers. †Good perinatal outcome is defined as live birth of a term (at least 37 weeks of gestation), normal birth weight (at least 2,500 g) singleton. ‡P<.05; comparison with the proportion associated with transfer of additional embryo; if not marked, P≥.05. Patients with an average prognosis*: percentage of transfers resulting in good perinatal outcome † among patients who used fresh embryos from autologous oocytes for A. blastocyst stage (day 5) and B. cleavage stage (day 3) embryos by patient's age and number of embryos transferred, United States, 2011. *Patients with an average prognosis include those who: 1) underwent their first in vitro fertilization (IVF) cycle and had no extra embryo(s) cryopreserved; 2) had previous IVF cycle(s), no previous live birth(s), but had extra embryo(s) cryopreserved; or 3) had previous IVF cycle(s) and previous live birth(s); transfers among patients older than 42 years of age and transfers that involved higher number of embryos are not shown as a result of the small numbers. †Good perinatal outcome is defined as live birth of a term (at least 37 weeks of gestation), normal birth weight (at least 2,500 g) singleton. ‡P<.05; comparison with the proportion associated with transfer of additional embryo; if not marked, P≥.05. Kissin 
